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ABSTRACT 
 

WiMAX (Worldwide Interoperability for Microwave Access), an evolving standard 
for point-to-multipoint wireless networking, works for the “last mile” connections for 
replacing optical fiber technology network but with no need for adding more infra 
structure within crowded areas. Optical fiber technology is seriously considered for 
communication and monitoring applications in space and around nuclear reactors. 
Space and nuclear environments are characterized, in particular, by the presence of 
ionizing radiation fields. Therefore the influence of radiation on such networks needs 
to be investigated. This paper has the objective of building a System level model for a 
WiMAX OFDM (Orthogonal Frequency Division Multiplexing) based transceiver. 
Modeling irradiation noise as an external effect added to the Additive White Gaussian 
noise (AWGN). Then analyze, discuss the results based on qualitatively performance 
evaluation using BER calculations for radiation environment using Matlab/Simulink 
simulation tools.  
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INTRODUCTION 
 

     The IEEE 802.16 standards are intended to offer wireless broadband technology for the long-range 
connection back to the service provider. They are also known as WiMAX standards and are supported 
by the WiMAX Forum. In January 2006, the WiMAX Forum announced the first products for IEEE 
802.16-2004-compliant certification. The IEEE 802.16 standard ensures compatibility and 
interoperability between broadband wireless access components.   
 
      IEEE 802.16 technology provides speeds comparable to wired systems, like cable and digital 
subscriber line (DSL) links. End users can connect it to their internal wired Ethernet or wireless LANs.  
 
     A summary of the IEEE 802.16 standards is shown in table [1]. These new technology of robust 
wireless communication has become available, and it is having a significant impact on how industrial 
operations are conducted.  
 
     Wireless technology has already affected the business sector by introducing inexpensive wireless 
products into the marketplace. Industrial environments, and especially nuclear environments, are not 
the same as business and home environments but there are some unique issues for wireless devices 
that must be properly addressed to avoid operational problems. 
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Table 1 IEEE 802.16 series of standards 
 

     The nuclear environment adds potential exposure to sources of ionizing radiation. Most 
implementations focused on cost savings, efficiency, and remote operations. However, safety and 
security must always be considered with wireless applications at nuclear facilities and should be 
addressed early in the process. 
 
     The paper begins with an overview of the WiMAX technology as well as its key characteristics. It 
proposes the guidelines behind modeling framework for WiMAX networks simulation and presents 
the structure of the model. Radiation and noise characteristics are modeled using Simulink subsystem. 
With this behavioral models implemented on Matlab/Simulink environment, the performance of a 
complete WiMAX transceiver can be evaluated and predicted before an actual hardware design. 
 

WIRELESS TECHNOLOGY OVERVIEW 
 

     The essential elements of a wireless communications system are shown in Figure (1) they are the 
transmitter, a transmission path, and the receiver. The transmitter processes the input signal or 
message being sent to produce a transmitted signal suitable for transmission. 
 

 
Fig (1) Elements of a wireless system 

 
Signal processing is applied involving modulation and coding. Modulation entails a modulating signal 
that represents the message being sent and a carrier wave. Demodulation strips off the received carrier 
wave and presents the original message. Coding is a processing operation that makes the 
communications between the transmitter and receiver more robust. Modulation and coding techniques 
help the desired signal to maintain its integrity or fidelity when exposed to noise (e.g. irradiation 
noise) [2].  
 

RADIATION EFFECTS 
 

     Radiation effects from either the natural space environment outside the earth's atmosphere or 
nuclear weapons can degrade semiconductor, photonic devices and circuits. Development of radiation-
hardened, microelectronic components requires both changing designs and altering manufacturing 
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processes. Computer modeling may significantly speed up this process. Modeling and simulation tools 
for analysis of radiation effects are active area for research to facilitate design of radiation-hard and 
noise-tolerant circuit for high frequencies. Layout and/or back bias techniques will be used to 
compensate for the radiation-induced leakage and developing improved device models for submicron 
MOSFET transistor. 
 
     The basic mechanisms of radiation effects in electronic materials and devices are: 1- Ionizing 
radiation effects, 2- Displacement damage effects and 3-Single-event effects. The effect of the 
radiation on the MOS devices is an ageing effect which is to modify their threshold voltage Vt.  
 
     This is mainly due to the mechanisms of trapping charges in the gate oxide and is directly 
connected to the quality and the thickness of the oxide. Moreover, the charge trapping mechanism in 
the gate oxide is also dependent on the biasing conditions. That is to say those two identical MOS 
devices biased at two different gate to source voltage do not exhibit the same Vt shift after radiation 
exposure [3]. Figure (2) and (3) illustrate the drain current (Id) versus gate voltage (Vgs) for 
commercial NMOS and PMOS transistors before and after irradiation. Optical devices and optical 
systems are seriously considered for communication and monitoring applications in space borne 
systems and nuclear environments.  
 
 

 
 

Fig (2) ∆Vtn increases can prevent NMOS “ON” switching 
 
 

 
Fig (3) ∆Vtp increases can prevent PMOS “ON” switching 

 
     Also the introduction of optical fiber technology in nuclear industry [4], a major problem which 
arises when dealing with these environments is the presence of ionizing radiation fields. Space 
radiation includes mainly protons, electrons and heavy ions, whereas gamma and neutron radiation are 
a major concern around nuclear reactor facilities [5]. The resulting system malfunctions might have 
dramatic consequences on safety and cost. Therefore, it is essential to investigate the reliability of 
optical communication devices upon irradiation. Fiber-optic also affected by accumulated total dose 
and very high dose rate conditions these effects degrades optical transmission and fiber refractive 
index [6].    
 
     The goal in this research is to introduce the effect of radiation, particularly on wireless network as 
an alternative candidate for last mile connection in nuclear facilities. While the effects of radiation on 
electronic circuits have been thoroughly studied and hardened devices should be used. 
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SIMULATION MODEL 

 
 Since many of a communication standard’s technical requirements are mathematical based, 
MATLAB and Simulink are well suited to the task of creating an executable specification. 
  
A. WiMAX Transceiver 
The system level model of the WiMAX transceiver includes many steps: data generation, forward 
error correction (FEC) using Reed Solomon (RS) coder/decoder added to the convolution coder and 
viterbi decoder, Modulation/demodulation and OFDM symbol creation and channel model [7]. 
 

 
Fig (4) Simulink model for WiMAX Transceiver 

 
 
Starting with a framework of empty subsystems then build up the transmitter block by block, using 
data from the standard. Figure (4) represent a complete Simulink model for WiMAX 
transmitter/receiver. The system includes radiation effect block added to the Wight Gaussian Noise as 
a subsystem.   
B. Noise 
Noise is another key factor to be concerned which will deteriorate the receiver performance. For the 
SPICE like simulators, noise is modeled in the frequency domain. The time-domain noise simulation 
is required to evaluate the performance of communication system. The noise figure (NF) is used for 
RF circuits to describe the noise performance. The noise figure is defined in the frequency domain. 
However, some noise power has to be derived from the noise figure for the time domain simulation 
[8]. Translation between two domains is done by using below equation. 

Pn = σn
2= 4 kRΤ ּƒsּ (10NF/10 +1) 

Where k is the Boltzmann constant, T is the noise temperature, R is the source impedance and fs are the 
sampling frequency. This equation is correct for the white noise [9]. The channel model used in 
simulation is the AWGN n(t) added to irradiation I(t) and multipath effect. Irradiation model simulate 
total dose and dose rate effect. Total dose (D) model presented as continuously accumulated and 
exponentially function increases with time. On the other side dose rate (DR) effect presented as a delta 
function valid only at a very short period of time (~ few micro seconds) as shown in figure (5). Where 
fo and fm denote the base frequency and the maximum frequency deviation, respectively.  
. 
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Fig (5) dose rate radiation effect model 

     These are behavioral models which simulate the nature of each effect and have its impact on 
increasing the background power and temperature of   the communication system. 
 

SYSTEM PERFORMANCE 
 

     The mobile WiMAX system behavioral model is implemented on Simulink behavioral modeling as 
shown in Fig. (4), the whole system level simulation consists of the OFDM baseband modulation and 
demodulation, a behavioral transmitter and a receiver, and a channel model.  
Additional elements are required for proper transmitter modeling. First, the OFDM carriers must be 
inverse-Fourier Transformed and then a cyclic prefix must be prepended to the OFDM Symbol. Also, 
the OFDM burst structure must be created using appropriate preamble and data sequences. All of these 
additional elements were modeled.  
 
     The resultant output signal spectrum is shown in Figure (6), the QAM constellation and spectrum 
of signal source transmitted signal and received signal also shown below.  

 

 
 

Fig (6) WiMAX Transceiver model performance 
 

Figure (7) shows the bit error rate (BER) versus signal to noise in total dose irradiation channel model 
considering various ranges from low to high and after short period of time (annealing). BER 
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calculations show that as (D) increases BER curve degrades moderately. Total dose effect recovers 
with time as it is shown in figure. 
 

 
 

Fig (7) BER vs. Eb/No in total dose effect 

0 5 10 15 20
10

-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

Eb/N0 (dB)

B
ER

BER for WiMAX Transceiver at Various Dose Rate Radiation

AWGN
Low DR
Medium DR
High DR
V.High DR

 
 

Fig (8) BER vs. Eb/No in dose rate effect 
 
Figure (8) shows the result in case of dose rate irradiation (short duration pulses). A clear degradation 
in performance in case of high doses of dose rate effect.  
 

CONCLUSION 
 

      Integration of WiMAX framework model permits construction of a system-level tool that can be 
utilized for obtaining rapid and yet accurate system for various mappings and parameter settings. The 
system level model permits rapid design exploration, while the system simulations still need to 
improve accuracy of results by through refinement of model parameters. 
 
     A simulation model for the radiation induced as an addition noise to the AWGN channel. BER 
calculations showed that BER performance deteriorates as the dose rate of the incidence radiation 
increases.  Additional reliability studies are still necessary before choosing fiber-optic solutions for 
high total dose radiation environments because WiMAX system could be a real competitive.  
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